ABSTRACT -The objective of the present study was to evaluate the characteristics of the sward canopy of Marandu grass during the rainy season, the wet-to-dry transition and the dry seasons, between March and September 2004, under intermittent grazing, and to correlate those characteristics with the performance of crossbred heifers receiving mineral supplements ad libitum or protein supplements. The experiment consisted of a randomized block design with three blocks (set of 13 paddocks), each containing five crossbred heifers per experimental unit, totaling 15 replicates. The heifers were given protein supplements daily in individual stalls and received an average 4 g/kg/day of the supplement during the rainy season and 5 g/kg/day during the dry season. Their weight gain was assessed monthly. The pasture structure was assessed through destructive sampling, and the bromatological composition of esophageal extrusa samples was also assessed. Analysis of variance was used to assess performance, and regression analysis was used to evaluate the sward canopy characteristics in relation to the months of the year. A cluster procedure was used to determine the similarity between the months of the year under assessment. Two different groups were formed for pasture evaluation: one group including the months of March to July and another group including the months of August and September. The first group exhibited a better canopy structure than the second group. This fact was corroborated by the animal performance, which was lower during the months of the second group. Low-intake protein supplementation was effective in increasing the performance of the grazing heifers. Pasture structure is critical for animal performance in a grazing environment, regardless of the type of supplementation.
Introduction
The beef cattle industry has undergone major changes with the globalization of the economy. The increased competition in the market has obliged farms to grow into companies and to develop efficient activities from a productive and economic point of view. This scenario has led to the search for technologies that improve the use of pastures, increase animal performance and reduce the age of slaughter or age at first calving, thus enabling the farm to have a greater productive efficiency.
One widely explored technique is the use of supplements for grazing animals, which allows the producer to choose weight maintenance throughout the dry season or weight gains of approximately 1.0 kg/day, according to the type and amount of supplement provided (Paulino et al., 2003) . However, the response to supplementation depends on the forage allowance, which, in a grazing environment, can be related to the nutritional value and the structure of the sward canopy (Reis et al., 2006) . In this sense, seasonal changes greatly influence the quality of the forage available in a pasture and, consequently, the effect of supplementation. Recent studies have shown this effect during the wet-todry season transition both on feeding behavior and animal performance (Casagrande et al., 2011; Moretti et al., 2011) . Therefore, the characterization of the canopy during the rainy season, the wet-to-dry transition and the dry seasons, combined with supplementation, is essential to define management strategies to shorten the beef cattle cycle.
Given the above, the objective of the present study was to evaluate the characteristics of the sward canopy of Marandu grass during the rainy season, the wet-todry transition and the dry seasons, under intermittent grazing, and to correlate those characteristics to the performance of crossbred heifers receiving mineral or protein supplements.
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Material and Methods
The experiment was conducted between January and September 2004 at the experimental sector of Forage Production of the Departamento de Zootecnia, Faculdade de Ciências Agrárias e Veterinárias/Universidade Estadual Paulista (FCAV/UNESP), Jaboticabal, São Paulo (SP, Brazil) , located at latitude 21º15'22" South, longitude 48º18'58" West and an altitude of 595 m. The experiment used a pasture of Brachiaria brizantha (Hochst ex A. Rich) Stapf cv Marandu, established in 2001 on a Red Latosol (Santos et al., 2006) . At the beginning of the experiment, the soil presented the following chemical characteristics: pH 5.1; 24 g/dm 3 organic matter (OM); 10 mg/dm 3 P; 1.8 mmol c /dm 3 K; 18 mmol c /dm 3 Ca 2+ ; 11 mmol c /dm 3 Mg 2+ ; 25 mmol c /dm 3 H+Al; and 55% base saturation (V%). Maintenance fertilization consisted of 150 kg/ha N, which was fractionated after each grazing cycle during the rainy season. The climate in Jaboticabal is subtropical (Cwa), according to the Köppen classification, with rainy summers and dry winters. Precipitation and temperature data obtained throughout the study were extracted from a set of data belonging to a collection from the Agrometeorology Group, Department of Exact Sciences, located 800 meters from the experimental area (Table 1) .
The experimental treatments consisted of two types of supplementation, i.e., mineral and protein supplements, both commercially available products for the rearing of beef animals (Table 2) . A randomized block design was used with repeated measures in time, corresponding to the months of March to September 2004. The 19.5 ha experimental area was divided into 39 plots, and a set of 13 plots was considered one block. In total, there were three blocks with five replicates each (animals), all randomly assigned.
Five animals per treatment (mineral and protein supplements) were assigned to each block, and additional animals were used as needed to obtain the necessary stocking rate, with a total of 30 experimental animals (testers), consisting of F1 heifers (Santa Gertrudes × Brahman) that were approximately seven months of age with an average body weight of 200 kg. These animals were selected from a total of 90 animals of the same age and breed, according to the criteria of docility, weight uniformity and response to daily handling during the period of adaptation, which was conducted between December 2003 and February 2004. The 60 remaining animals were used to control the stocking rate, whenever necessary. The selected animals were then randomly assigned to treatments, identified with ear tags and treated for endo-and ectoparasites.
The experimental period was initiated after the adaptation period, which occurred in January and February 2004, with monthly evaluations from March to September 2004. An intermittent stocking grazing method was used throughout the experiment. An average occupation period of three days with 39 days of rest and a stocking rate of 5.3 AU/ha were used during the rainy season, whereas an average occupation period of two days with 24 days of rest and a stocking rate of 2.5 AU/ha were used for the dry season. The days of occupation and rest varied throughout the experiment according to herbage mass. Therefore, the pastures were managed throughout the experimental period so that the total herbage mass would not be lower than 2,500 kg/ha, as recommended by Euclides et al. (1998) . When the minimum forage mass was observed in a paddock belonging to one of the blocks, the animals were moved to the subsequent paddock in all of the blocks.
Because animals from different treatments grazed simultaneously on the same plot, to control the supplement intake of each animal, the heifers were taken to individual 8 m 2 stalls every day at 9 am and supplemented individually. After each heifer was accommodated in its stall, the supplement Crude protein (g/kg DM) 300 500 0 0 was provided according to the supplementation criterion of each animal. The animals remained in the stalls until 13h00 and were then taken to the respective paddock. The protein supplement was provided at 4 g/kg body weight (BW)/day during the rainy season and 5 g/kg BW/day during the dry season. The time for supplementation was selected so that the animals would remain in the stalls during the warmer periods and times of lower grazing activity (after peak grazing in the morning), seeking to minimize the effects of grazing behavior. The remaining supplements were collected daily, weighed after the animals were released into the pasture and considered as surplus when their weight was equal to or greater than 50 g/kg of the weight provided. Subsamples of the supplement were obtained to determine the dry matter content at 105 ºC using the method described by the Association of Analytical Communities (AOAC, 1990).
To determine their performance, the animals were weighed at the beginning of the experiment and every 28 days thereafter, and each weighing occurred following a 15-hour fast from feed and water. Herbage mass was sampled monthly, on the first and last day of grazing, in one paddock from each experimental block, which was considered representative of the experimental area. For the herbage mass assessment, the height of the canopy was initially measured using 30 readings per plot, which were obtained at random using a centimeter ruler with a rising plate meter. Once the average height of the sward canopy was determined, four points representative of the condition of the canopy were identified per plot, and cuts were made at each point using metal squares (0.5 × 0.5 m). All of the material contained in the square was cut at 15 cm from the ground, as described by McMeniman (1997) . These samples were then taken to the laboratory, where they were weighed and homogenized, and two subsamples were obtained from each sample. The first subsample was divided into leaf, stem and sheath and dead material, and the second subsample consisted of whole plants. Both subsamples were weighed and placed in a forced air circulation oven at 55 °C for 72 hours and then weighed again. The proportion of each component was used to estimate the leaf:stem and green: dead material ratios as well as the green herbage mass.
Esophageal extrusa samples were collected according to the method proposed by McMeniman (1997) , with an esophageal fistulated animal. A crossbred, castrated animal, aged 36 months, with an average weight of 400 kg, was used for sampling. Screen-bottomed fabric collection bags were attached to the animal to drain excess saliva. The animal fasted from feed for approximately 12 hours on the day before sample collection. Sample collection occurred every 28 days. On the day of sampling, the esophageal tube was removed, and the collection bag was positioned. The animal was monitored for 20 minutes, with no interference in grazing behavior. The bag was then removed, and the extrusa sample was homogenized and dried in an oven at 55 ºC until a constant weight was achieved. After predrying, the samples were ground in a Wiley mill using a 1 mm sieve. The amounts of neutral detergent fiber-bound nitrogen (NDF-N) (B 3 ) and acid-detergent fiber-bound nitrogen (ADF-N) (C) were subsequently determined through the system proposed by the Cornell Net Carbohydrate and Protein System (CNCPS), according to Sniffen et al. (1992) . The crude protein content was also determined (Silva & Queiroz, 2002) . The levels of neutral detergent fiber (NDF), acid detergent fiber (ADF), hemicellulose, cellulose and lignin were also assessed according to the method described by Silva & Queiroz (2002) . The in vitro dry matter digestibility (IVDMD) was determined using the method described by Tilley & Terry (1963) , according to Silva & Queiroz (2002) .
The data for animal performance were analyzed according to the randomized block design, with three blocks and five replicates each, totaling 15 replicates in a split-plot design, where the effect of supplementation was assessed in the plot and the effect of the months was assessed in the subplot. The data were initially analyzed regarding the normality of error, and outliers were excluded. Analysis of variance was then performed using procedure PROC GLM of software SAS (Statistical Analysis System, version 9.2).
Data referring to the quantitative and qualitative characteristics of the pasture were analyzed in three replicates according to the randomized block design by regression analysis using PROC REG of the SAS system in relation to the sampled months of March to September, which were identified as months 3 to 9, respectively. Furthermore, the data were analyzed based on averages obtained for the variables and cluster analysis using the cluster procedure to determine the similarity between the months under assessment, considering the objectives and quantitative and qualitative parameters separately as variables of interest for the similarity criteria.
Results and Discussion
The height of the canopy at the time of the entry and exit of animals into and from the paddocks was adjusted to a quadratic model (P<0.05) in relation to the evaluated months (Table 3) .
Pre-grazing height of the canopy was greater than 35 cm in the first four months of the study, from March to June. The post-grazing height was always greater than 25 cm. The pasture structure allowed the animals to explore approximately 10 cm, corresponding to 25% of the pre-grazing height. From August onwards, the proportion of the explored height was approximately 20% of the pregrazing height. The animals entered at a pre-grazing height of 23 cm and left when the pasture was approximately 18 cm high, so the explored extract was less than 5 cm.
The pre-and post-grazing totals and the green herbage masses were also adjusted to a quadratic model (P<0.05). The largest herbage masses were observed in the months of March to June, the period in which the total herbage mass was always greater than 13,000 kg/ha, and the green herbage mass was greater than 6,000 kg/ha. The smallest herbage mass, either green or dead, was observed in September. In addition to the quantitative restriction of forage at the end of the experiment, the ratio between the green and dead herbage masses was also reduced, indicating a worsening of the sward canopy structure in August and particularly in September. The percentage of green material in relation to the pre-grazing total herbage mass was greater than 50% until June, when the largest proportion of total herbage mass became dead material. This proportion increased dramatically until the end of the experimental period (Table 3) . Tendencies similar to those observed for the pregrazing period regarding the proportion of green and dead material were noted in the post-grazing period. However, the proportion of dead material was always greater than the green material during pre-grazing, which can be explained by the preference of the animal for green forage over dead forage (Ruggieri et al., 2008) .
These results show that the structure of the canopy deteriorated at the end of the experimental period. This fact reflects the climatic conditions of the months of June, July and August, when the minimum temperature was below 10 °C and precipitation was negligible (Table 1) . It is worth mentioning that during the summer, grasses of the genus Brachiaria grow continuously with a high potential for green mass production (Lara & Pedreira, 2011) . However, in the winter, or the dry season, vegetative growth is reduced and the reproductive phase accelerates due to the decrease in photoperiod, the drop in temperature and inadequate rainfall conditions, all of which also initiate the process of leaf senescence.
Were observed shows the existence of two large groups of months in relation to canopy structure, one including the months of August and September and the other including the months of March, April, May, June and July. The latter is subdivided into two subgroups, one including the month of July and another including the remaining months (Figure 1 ). This result is confirmed by principal component analysis (Figure 2) , which shows the fractions of the pasture that were changed throughout the experiment. As previously discussed, a better canopy structure, in relation to total and green herbage mass and the relationship between the green:dead material and leaf: stem ratios, was observed in the months of March, April, May and June, whereas August and September showed the worst canopy structures and July was characterized as an intermediate period.
The fractions of nitrogen compounds in the esophageal extrusa and the fiber fractions, with the exception of lignin, were adjusted to a quadratic model (P<0.05) in relation to the evaluated months (Table 4) . However, low coefficients of determination were recorded, indicating that other factors influenced the behavior of these variables.
Overall, the forage collected during the months of higher plant growth, corresponding to March through July, had a higher cell wall content compared with the forage harvested in August and September, despite the large amount of green material (Table 3) .
This response profile in the extrusa samples is due to several factors, including the variation in climatic conditions throughout the seasons of the year, which promote major changes in plant metabolism. An increase in the proportion of reproductive tillers to the detriment of vegetative tillers can often be noted in late summer and early fall due to the reduction in photoperiod (Calvano et al., 2011) . Intense aerial tillering, in the shape of rosettes, occurs when these tillers are decapitated through grazing. These aerial tillers, although numerous, are characterized by their reduced size, resulting in little forage accumulation with low structural content (cell wall). Grazing animals are highly selective and tend to choose diets with high percentages of leaves, mainly when the forage contains a high proportion of stem and dead material. Therefore, from March to June, the animals selected leaves that were derived from basal tillers, which are larger in size and have a higher cell wall content, whereas in July and particularly in August and September, the grazing animals selected the green fraction of the forage, which was then composed of aerial tillers in the shape of rosettes, presenting a lower fiber content. Given the selectivity of grazing, the animals tend to seek this type of tiller, and the nutritional value of the diet was therefore high despite the smaller forage mass in the months of August and September. However, the low quantity and structure of this type of forage likely hindered the formation of bites, consequently restricting dry matter intake due to non-nutritional factors (Poppi et al., 1997) , which was reflected in the performance of the animals ( Table 5) .
The crude protein content of the esophageal extrusa was higher in the months of March through June and decreased in the subsequent months (Table 4) ; however, even in the most critical months, the values of crude protein in the dry matter were above the minimum of 8% required for rumen function (Detmann et al., 2009) . Therefore, the protein content of the forage does not appear to have limited the animal performance in the present study. However, variations in the fractions B3 and C, which are slowly degraded in the rumen or non-degradable, respectively, should be considered. Therefore, the larger these fractions are, the lower the amount of nitrogen available to the microorganisms in the rumen. The B3 crude protein fraction was adjusted to a quadratic model, increasing its content until July, and the lowest values of the B3 fraction were observed in August and September (Table 4) . This can be explained by the same reasons explained above regarding the behavior of the fiber fraction. The lowest values of fraction C, expressed as a percentage of crude protein, were noted in the months of April and May. A deeper knowledge of protein fractionation in forage plants is necessary for the formulation of specific supplements for each season. The dendrogram resulting from the cluster analysis using the qualitative variables obtained during the experimental period shows the existence of two large groups, which is similar to the results obtained for the quantitative variables, where one group is composed of the months of August and September and the other group consists of the months of March, April, May, June and July (Figure 3 ). This structure is confirmed by the principal component analysis (Figure 4) . By correlating this cluster with the average data of the variables used, it is possible to propose, as the main interpretation, that the months of August and September were grouped due to the higher lignin and IVDMD contents and the lower fraction C levels. Conversely, it can be noted that the other group was composed of the months of April, May, June and July. In this group, the determinant variables were mainly the high levels of B3, crude protein and cellulose.
The animals from both treatments presented a lower average daily weight gain during the months of August and September compared with the period from April to June. This response was a consequence of the variations in quantity and quality of the available forage. As previously discussed, the cluster analysis divided both parameters into two periods: March to July and August to September. The second group was characterized by the worst pasture structure and the lowest forage nutritional value. The poor performance of the animals during this period can therefore be explained, indicating that August and September are the most critical months in grazing systems.
The animals receiving protein supplements showed higher gains in the periods of April through June and August through September compared with those receiving mineral supplements (Table 5) . However, the difference in weight gain between the two groups was not significant in the months of March and July (P>0.05). In March, this fact can be explained by irregular intake of the supplement and stress during the period of adaptation to management at the beginning of the experiment. However, after this period, the animals demonstrated regular intake of the protein supplement, indicating that they had been conditioned to daily management (Table 5) .
The lowest green herbage masses were observed in August and September: 2,887 and 1,495 kg/ha of green dry herbage mass (GDM), respectively, associated with low values of protein (CP, 6.25%) and high levels of fraction C (22.17% of CP) in August. Although the stocking rate had been reduced (Table 5) , the combination of the quantitative and qualitative factors of the forage resulted in decreased weight gain of the individual animals.
Regarding the animals supplemented with low-intake protein supplements, the provision of 4 and 5 g/kg BW in the rainy and dry seasons, respectively, led to high gains, considering the amount of supplement consumed (Table 5 ). This response pattern was also verified by Fernandes et al. (2010) , who worked with animals supplemented with 6 g/kg BW during the rainy season, with a stocking rate of 6 AU/ha and a forage mass of 3,500 kg/ha and obtained gains of 0.870 kg/day. Only the animals receiving mineral supplements had higher gains than those observed in the present study (0.750 kg/animal/day), indicating a higher quality of the forage provided in that study. A fact worth mentioning is that total dry herbage mass was not the parameter that best correlated with the weight gain of the grazing animals. It can be observed that gain is directly related to the supply of green herbage mass ( Figure 5 ).
This observation is consistent with that suggested by Euclides (1995) , who claimed that animal intake and production are not usually correlated with the total herbage available but rather with the availability of green dry matter. A high supply of green herbage mass was obtained with the type of management adopted in the present study. Forage supply ranged from 15 to 26 kg/100 kg BW/day of total herbage mass or 9 to 12 kg/100 kg BW/day of green herbage mass from the moment the animals were introduced into the paddock and throughout the experiment (Table 5) . However, as previously discussed, the structure of the canopy may have limited forage intake even with the large forage supply, especially in August and September, when the green herbage mass had a high ratio of stem to dead material.
This unfavorable structure increased selectivity by the animals, increasing the intake of smaller tillers (rosettes), thereby generating a diet with lower fiber content, as mentioned above. This greater selectivity likely resulted in the animal spending more time performing the bite as well as the formation of smaller bites due to the unfavorable structure of the canopy, thus compromising the rate of instantaneous intake and possibly the daily forage intake (Hodgson, 1990) . This hypothesis was supported by the lower performance of the animals during this period, regardless of the type of supplementation. The canopy structure was the main determinant of animal performance because this structure greatly influences the ingestive behavior of grazing animals (Casagrande et al., 2011) and, consequently, their forage intake.
The stocking rate observed was 5.32 to 2.82 AU/ha in March and September, respectively. From May onwards, the stocking rate was reduced, even though the herbage mass remained high. This decision was made to ensure forage supply throughout the experimental period. The smaller forage supply (9.24 kg/100 kg BW of green herbage mass), along with the smaller herbage mass and worse canopy structure, resulted in a lower weight gain in September, which is considered the most critical month of the dry Averages followed by the same lower-case letter in the column of weight gain do not differ by Tukey's test at 5% probability. CV -coefficient of variation; TFA -total forage allowance; GFA -green forage allowance; BW -body weight; AU -animal unit. Table 5 -Performance of heifers receiving mineral or protein supplement and characteristics of the Brachiaria brizantha pasture managed under a rotational grazing system season. Furthermore, the structural characteristics of the pasture promoted unfavorable conditions for forage intake, which can be proven by the smaller mass of leaves and green matter, leading to poor performance. These results are consistent with the assertion by Euclides et al. (2008) , who studied three cultivars of Brachiaria brizantha (Piatã, Xaraes and Marandu) and concluded that the structural characteristics were more limiting than the nutritional value in controlling the animal weight gain.
Conclusions
Low-intake protein supplementation during the wet-todry transition and dry seasons is effective in increasing the performance of grazing heifers. The structure of the pasture is critical to animal performance in a grazing environment, regardless of the type of supplementation.
